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TRANSMISSION OF CRIMEAN-CONGO HEMORRHAGIC FEVER
VIRUS IN TWO SPECIES OF HY.4L.OMAM 1 TICKS FROM
INFECTED ADULTS TO COFEEDING IMMATURE FORMS

SCOTT W, GORDON, KENNETH J. LINTHICUM. ann . R MOULTON
Department of Epidepuologr. Disease Asessment Division, USS. Army Medical Rosearch Insnitue

ot Intectiows Docases, Fort Detrick, Frederich,

Abstract.

\arviand

Crimean-Congo hemorrhagic fever (CCHF) virus was transmitted from in-

fected adult Hrvalomma ticks to uninfected larval and nymphal Hyalonyna ticks while
cofeeding on a guinea pig host that did not have a detectable viremia. When tested atier
feeding with infected adults. three (0.8%) of 370 1. rruncatunt larvae contained detectable
CCHF virus (mean virus titer 1007 plague-forming units [PFU] tick). The virus was trans-
mitted transstadially from infected larvae and was detected in 15 (1.2%) or' 1.253 nymphs
and 12 (0.1%) of 2.049 adults. Virus was recovered from 18 (1.9%) of 931 Hmpeliation
nymphs. which originated from larvae that cofed with infected adults, After 27 wnpeliaiis
nymphs cofed with intected adults. CCHFE virus was detected m 21 (4.3%) of 449 tmean
virus titer 10 PFU uck) fed nymphs, but none of 886 adults 1ested after molt. Resuls
of this study indicate that a small proportion of either larvac or nymphs may acquire CCHE
intection while cotfeeding on a host without a detectable viremua.

The maintenance and transmission oyveles of

Crimean-Congo hemorrhagice tever (CCHF) vi-
rus (famify Bunvavindae. genus Narrovirun)
nature are not well understood.” Transovaral
transmission of CCHFE virus an the principal /{v-
alommu spp. tck vectors could serve as a main-
tenance mechanism: however, transmussion rates
reported in the literature may be too low to have
anmportant impact on virus maintenance. Most
vertehrates infected with CCHE virus ain nature
are not thought to be important reservorrs for
the virus bevause very few develop high vare-
muis. Jones and others desceribed @ nosvel mode
ot arboverus transmssion of Thogoto virus to
tichs while coleeding wath antected ticks on g
guamea prg that did not hase a detectable vire-
mue W CCHE sirus ransmission oceurred be-
tween uck vectors feedimg on hosts waithout o
detectable virenna, many vertebrates could po-
tentally serve as resersors. Laborators tick-in-
tection studies wath COHE and Dugbe (Buny-
that
unintected adult ieks can acquire virus mfection

avindac, Narrovirisy viruses sugpest
while cofecding with intected adubts on guinea
prgs without a detectable viremue howeser. pos-
seble venereal transnuission or transmission
hy perparasitism could not be ruled out in these
stisdies.!

Previous studies showed that COHY virus—in-
oculated gumea pigs becomentected but do not

devetop a detectable virenna (Kenyon RO UL S,
Army Medical Materie]l Deyvelopment Activity,
Fort Detrek. Frederich, MDD unpubhished daun
This study was designed to determine of CCHE
virgs could be transmitted trom ntected 1

alomma adults o immature ucks while cofeed-
INg 0N @ guinci pig.

MATERIAIS AND METHODS
Tichy and curnea pres

[icks used in this study were obtned trom
taboratory  colomes ot Hvalovona inoicaion
(16, established with F3th generanon colony
specimens obtained from the Nanonal Institute
af Virology. Sandrningham. Repubiic of South
Atnca rand Hoonpeltanon (F3 ] estabhished with
frchd trom
Senegal Yyand were mamtained in our laboratory.

collecied specimens Yonofere,
Vo ensure that the ek colonies were notaindected
with COHE virus, adults used to ostabhish the
colony were tested tor the presence of virus in
cell culture and were tound to be tree of virus,
Durning nonparasttic phases. the tcks were held
i a plevglass chamber mamtaimed at a relatinve
humidity of 92-98% and at 26°C with a 12:12
hr L:D) photopenod. Adult gainea pigs (striun 13,
600 g or farger) were used as host animals for
tick mtestation an all experiments,
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Virns

The CCHF virus (strain [hAr 10200) used in
this study was 1solated from [/ excavarun {as
H. anatolicion excavatuny near Sokoto. Nige-
ria.” The reference stock was obtained from the
Yale Arbovirus Research Unit (New Haven. CT)
as hvophilized third mouse brain passage mate-
ral. The virus was further passed 13 times in
newborn mice by the imracranial route. A work-
ing stock virus consisted ot a clarified 10% sus-
pension ot triturated infected suckling mouse
bramm in medium 199, prepared in Hanks™ bal-

anced salt solution (H-199) with | ma ml of

NaHCO, plus 3% heat-inactivated (36°C tor 30

min) tetal bovine serum (FBS). 100 units ml of

penicithng 100 gg mi of streptomyein. and 2.5
ug mi of fungirone. The virus tter was 107
plaque-torming units (PFU) mi as measured by
plague assay on SW-13 thuman small cel) car-
amoma of the adrenal cortexy cell monofavers -

Vorus assav procedures

Ticks sere triturated in H-199 with 0% | BS

plus 100 units ml of penicilling 100 wg ml of

streptomscein, 2.3 wg mb ot fungizone, and »iug

mi of gentamicn (PSEFGY (2 ml tor adults and |
ml for immature stages) 1 ussue grninders, and
suspensions were prepared  according 10 the
methods desenibed by Logan and others. Ali-
quots of 0.1 ml of the suspensions were inocu-
lated onto SW-T 3 monolayers in 1 2-well plates,
adsorbed for | ohroat 36°C, then overlaid with
0.6 Seakem (FMC Bioproducts. Rockland. MF)
agarose i Eagle’s minimum essential medium
with nonessential amino acids. 10% FBS. 0.1%
L-glutanune, and PSFG. Cell cultures were in-
cubated at 36°C in a humudified CO L incubator
tor plague development and were stained atter
four days with another overtay of the above me-
dium containing 330 pg. mi ol neutral red. Plaques
were counted atter an addiional day of incu-
bation. Virus recovered fiom tick suspensions
was dentified in a plaque-reduction neutrahiza-
tion test with anu-CCHF virus mouse hyper-
immune asaitic luid. Serum samples were ob-
tained from host guinea pigs one 1 day before
infestaton and atseven. 14, 21, and 28 davs after
uck feeding, and were tested for antibody 10
CCHF virus by indirect immunofluorescence’!
and antibody-capture enzyme-hinked immuno-
sorbent assay (ELIS

4
pe!
-3

Intecion and ransmission experinents

Adult . trencatum and H. impeltatun tcks
were infected with CCHF virus by intracoclonic
moculation through the coxal membrane of the
hind leg with a fine-tipped syringe pulled trom
0.6-mm diameter capillary tubes. Fach tick re-
ceived approximately 0.27 ul of stock virus sus-
pension. Samples of inoculated ticks were as-
saved immediately after inoculation and at seven.
14, and 21 days to determine virai titers.

Three experiments were conducted seven davs
after inoculation of aduh ticks with CCHF sirus
because previous studies tound that viral uters
m ticks attained maximum levels at this ume
In experniment L. H. truncatunt larvae (appros-
imately 1000 guinea pig) were cofed. on cach of
stx guinea pigs. with three pairs of virus-inocu-
lated f{. truncanon adus. In experiment 2, 4.
impelrarion Yarvae (approximately 1,000 guinea
pig) were cofed, on cach of two guinea pigs. with
three pairs of wvirus-imoculated H. ompeltatim
adults, In expenimient 3. /1 ompeltation nvinphs
(approximately 300 guinea pig) were cofed. on
cach of six guinca pigs. with five paurs of virus-
inaculated o impeltariny adulis, In cach exper-
iment.aammature forms were ted on guinea pigs
two davs atter infected adults had attached ta the
host.

Previous studies have shown ihat the mean
feeding times for I rrgncatum larvae and adulis
are tour and eight davs. respectively.” The mean
feeding tumes tor 1 nmpeliatum larvae, nvmphs
and adults are six. seven. and cight davs. re-
spectively, Most immature forms dropped off
the host trom one dav before 1o appronimately
one day afieraintected adults dropped oftl A re-
plete larvae or nymphs dropped offl they were
collected and sampled datls for virus isolation
until drop ofl’ was complete. The number of 1im-
mature forms that were assaved for virus as they
dropped off the host atter cofeceding with infected
adults vanied: however, approximately 5% ot the
larvae and 3% of the nymiphs that dropped off
on a given day were assayed. After molung. the
ticks were placed for attachment on guinea pigs
not previously infected with COHF virus or not
previously anfested with ucks, and the process
repeated to the adult stage.

This rescarch was conducted in compliance
with the Animal Weltare Act and other Federal
statutes and regulations relating to animals and
cxpenments involving ammals and adheres 0
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Tante |
Intecteon rates o Hyalomma truncatum fichy wfter ex-
postre ay lanvace to Crinean-Congo hemorrhagte vi-
ris while coleeding swith puccted adudns®

GURDON AND OTHERS

Tapre 2
Infecnion rares o Hyvalomma impeltatum ok wirer
exposure as larvae to Crimean-Conger hemorrhagte
tever virus swlule cofeeding wieh pnifectod adudn®

Noeonfected 1rans Neoanteored frans
trer tested Moean hog nssion no fesied Mean hog mssian
1ite stape [l PEU tiok ot host? Lile stape e PEU tick e hosts
Fed farvae 337008 1.6 66 Fed larvae 0134 <07 22
Unted mvmph Unted nymph
(132 pools) 2R3 23 ~ (96 pools) 3503 ().6) 1.0 -
Unted nyvmph Fed nymph 13 850 (1.8 28 14
individuals [ (S - Unted adult U365 () 0.7 -
Fed nyvmph 141109 (1.3 1.8 24 Fed adult O 128 07 34
N ~ =g N
l nted adult _; St ”)"3) 2 = “PET plaque-torming units - vould noet Be cvatuated inoanfed
ted aduht 3203 (1) 1.9 I 6 avmphs aind adufts
Flrovabsted aduits transoutied the vieus while coteeding wath unm
T P ST VI TR coshd ned be evatumred o unted tected Lt ae
aduby rransengred the viras wi e cobeedig wnh anime

principles stated in the Guide for the Care and
Use of Laboratory Ammuds, NTH Publication 86-
21,1985 edition.

RESULTS
The mean virus titers in CCHFE-mnoculated

adult 1. rruncarem and Hoimpeltarupiwere 1077
and 107 PFU uck. respectively. whenp assayed

at the ttme of guinea pig infestation. In cach of

the three eaperiments. moculated adults trans-
mitted COHFE virus to guinea pigs. as evidenced
by detection of antibodies 1o the virus 21 days
atter tich intestanon (Tables 1-3). No virus was
detected in the guinea pig sera when tested by
plague assay during the pertod of tick feeding.

Ivalomma truncaton larvae (3 {0.8%] of 370)
became intected while simultancousts feeding on
guinea pigs with previoushys infected £ rrunca-
et adults (Table ). Virus was transstadially
transmitted subsequently to nymphs and adults.
Nymphal ticks transmitted virus to S0% (2 of 3)
and adult tcks transmmitted virus to 1 7% ¢ of 6).
of the guinea pigs used as hosts.

No virus was detected in 134 replete 1oomn-
peltatum larvae that cofed wath inoculated adults:
however. virus was recovered from nymphs from
molted larvae (Table 2). Atter a bloodmeal on
nave guinea pigs. 15 of 850 replete nvmphal
ticks had detectable CCHF virus infections and
I of 4 of the host animals seroconverted, indi-
cating that virus transmission had occurred. No
virus was detected in adults exposed as larvae:
however, 75% (3 of 4) of the guinea pigs used as
hosts contained antibody to CCHF virus after
adult tick feeding.

In experiment 3. more than 4% (21 of 489 of
the H. impeltaniom nvmphs that cofed with in-
oculated adults contained detectable virus (Table
3). Although no virus was found in the 886 adults
derived trom exposed nymphs. CCHF virus was
transmitted 1o 40% (2 of 5) of the guinea pigs
used as hosts,

DISCUSSION

In this study. /. rruncarnon farvac and 7. ini-
peltanom larvae and nymphs became intected
with CCHF virus while cofeeding on guinea pigs
with adult ticks inoculated seven days previousls
with CCHF virus. No viremia was detectable
using SW-13 cell culture: however, guinca pig
serum noculated 1nto adult /. truncarun ticks.,
which were then incubated for seven dayvs. trit-
urated. and inoculated onto SW-13 cell cultures.
vielded virus, As demonstrated by the detection
of antibodies 1o CCHF virus. inoculated adult
ticks transmutted virus to guinea pigs. These ob-
servabons are similar to the findings reported by
Jones and others.' m which Thogoto virus in-

Tapmg 3
Intection rates i Hvalomma impeltatum ek atter
exposure as mymphs to Cromean-Congo hemaorragi
fever virns while coteeding wiel intfected adudi®

Nooantevied Lians

natested Nean Joy nussion
Fote siage ] PHE ek i hontt
Fed nymph 21 K9 (4.3} 1.7 66
Uinted adult 0 754 0.7 -
Fed adult 132y - 0.7 25
*PEL plaguelornung units could net be ey aduated e unted

nymphs amd sdotes
laoculated adulis tranamitted the virus while coteeding with umin.
tected taryae
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fection in guinea pigs also produced very low-
level virus replication.

QOur inabihty to detect CCHF virus in unfed
nymphs in experiment 1 and adulis in experi-
ments 2 and 3 may result from low viral titers
in ticks and low seasitivity of our viral assay on
SW-13 cells. Serologic evidence of virus trans-
mission to guinca pigs demonstrated that these
stages were infected. The previous studics that
assaved ticks infected with CCHFE virus in SW.
13 ¢cells found that some low-titered virus infee-
tions were not detected.”™

Detecting CCHF virus infection in nymphs and
adults arising from ticks exposed 10 CCHF virus
as either larvae or nvmphs demonstrates that the
tcks became infected and that the virus was
transmitted transstadially. Because virus recov-
ey rates in unfed nymphs and adults were lower
than rates in fed nymphs and adults, 1t 1s possible
that transmuission may also have occurred be-
tween infected and uninfected. cofeeding nymphs
{experiments 1.2) and cofeeding adults (expen-
ment 1) Jones and others found that salivan
gland enhancement of Thogoto virus transmis-
ston in a nonviremic host occurred atter ticks
were attached to a host for 4-6 davs. ' flyafom-
ria truncatim nymphs and adult females feed
an average of cight dass and . impeliation
nymphs feed tor seven davs. Virus tters in
nymphsand adulis atter molting from larvac and
nymphs were slightly mgher than those observed
i larvae and navmphs eaposed to virus, Simi-
farfy. the demonstration that both nymphs and
adults. exposed as larvae or nymphs. transmutied
CCOHF virus to guinea pigs indicates that the vi-
rus infection in ticks was disseminated to the
sabvan glands.

The use of cofeeding adults and immature
torms excluded the possibility that venercal
transmission was the mechanism by which un-
intected ticks became mtected. Hyperparasitism
stll could have occurred. sinee adults and 1m-
mature forms were placed on the guinea pig with-
n the same feeding cell: however, immature
torms were closely monitored atter infestation
and those that failed to attach were removed after
24 hr. Previous studies have reported that CCHF
virus rephication in F truncatunt and 1o onpel-
tarum ncreases during blood feeding.” ' In-
creased viral replication in ticks duning blood

feeding may have enhanced the transmission of

the virus to uninfected ticks.
Although Hvalomma ticks can be infected with

CCHF virus while feeding on newborn muce in-
oculated with the virus. we have not been able
to infeet ticks on adult laboratory amimals 1n-
oculated with the virus. The demonsiration uf
virus transmission to uninfected ticks thiough
cofeeding on a host without a detectable viremia
marks our first success in infecting ticks on adult
animals. These results provide supporting lab-
oratory evidence for the epidemiologic obser-
vations incriminatng . rruncatum and f{.im-
peltatim as vectors of COHF virus. The overall
infection rate in ticks exposed as larvace to a non-
viremic host was 0.7% n H. rrunceiuntand 0.9%
in . impeltatiom.

The observation that transmisston of CCHF
virus occurred in two different tick species during
cofeeding on a host with an undetectable fevel
of virus when assaved in SW-13 cells suggests
that this mode of transmission nught be more
than an 1solated phenomenon. The transmission
reperted here mav be an important observation
1 the ecology of CCHF virus because the dis-
tribution and population densiies of fvalonmu
spp. ticks are closely associated with the occur-
repce of COHFE virus, particulartyin Afnica. Hyv-
wlomma spp.. induding . vuncation and 1
tmpeliatin, are tound on a wide vanety of hosts
and are considered important vectors of CCHF.
based upon experimental studies? © and tield
isolations ol the virus.!™

Although anubodies to CCHFE virus are tound
10 numverous species of vertebrates, very few are
thought 10 develop CCHE viremas high enough
to be involved m the transmuassion of the vi-
rus.” T Simidar rosults were observed by Gon-
sales and others.* who found that umintected
female M. runcaron became intected while co-
teeding with infected males an rabbits. Our re-
sults suggest that a vertebrate could be involved
tn COHF virus transnission 1o icks, even though
1t may not develop a high viremia. The trans-
mission we observed in ticks cofeeding on a host
without a detectable viremia suggests that many
more vertebrates than previously  considered
could serve as amplitving hosts of the virus. en-
hancing the survival of virus in nature,
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